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TOWARDS AN OPERATIONAL ERTS - REQUIREMENTS FOR IMPLEMENTING 
CARTOGRAPHIC APPLICATIONS OF AN OPERATIONAL ERTS TYPE SATELLITE 
Alden P Colvoeorenes, U.S. Geological Survey, Reston, Vkginia 
Background 
After near ly  18 months of successful operation of the  first Earth Resources 
Technology S a t e l l i t e  (ERTS-l), a carefu l  look at  the  fu ture  is  obviously i n  
order.  
ERTS-1 products and overa l l  worldwide response it is believed t h a t  ERTS-1 
has demonstrated an Earth sensing mode t h a t  should become operational.  
is  recognized t h a t  several  s tud ies  leading t o  the de f in i t i on  of an 
operational ERTS have been made. 
generally more b a s i c  and demanding than those of the Earth science d i s c i -  
p l ines  and a r e  therefore  t r e a t e d  separately i n  t h i s  paper. 
made is t h a t  the configuration of ERTS, p a r t i c u l a r l y  with respect  t o  the 
Multispectral  Scanner (MSS) and data transmission r a t e s  cannot be mater ia l ly  
a l t e r e d .  
Judging from the r e s u l t s  of ERTS-1 experiments, publ ic  s a l e s  of 
I t  
However cartographic requirements a r e  
One assumption 
General 
Although the ERTS-1 experiment was not designed f o r  mapping appl icat ions,  
cartographers (foreign as well as domestic) have examined and evaluated 
ERTS-1 imagery. The consensus of these inves t iga to r s  is  t h a t  an operational 
ERTS-type s a t e l l i t e  can have many valuable appl icat ions , p a r t i c u l a r l y  where 
the image i t s e l f  serves as the cartographic base f o r  medium- and small-scale 
maps. 
c a p a b i l i t i e s  as demonstrated by ERTS-1 o r  as defined fo r  a fu ture  ERTS-type 
s a t e l l i t e  as follows: 
The requirements f o r  implementing these applications are based on 
0 Continuous operation which, subject  t o  v i s i b i l i t y ,  covers the ear th  
from 82' N t o  82' S every 18 days. 
0 Near-real-time reception of data .  
Near orthogonal imagery (ERTS-1 has a maximum angle o f f  ax is  of 
only 5.76'). 
0 Geometric f i d e l i t y ,  which permits accurate posi t ioning a t  scales 
as la rge  as 1:250,000. 
h, 
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' Spatial  frequency (resolution) commensurate with an instantaneous 
f i e ld  of view i n  the 40- t o  80-meter range. 
e Radiometric f ide l i t y  i n  several simultaneously acquired wavebands 
including the near infrared. 
Spatial  Frequency 
Requirement - Image quality suitable for detection and identification of 
image control points and major planimetric features, such as roads, rail-  
roads, canals, f i e l d  boundaries, urban boundaries, and water-land interfaces. 
Rationale - Need t o  produce imagery suitable for reproduction at  scales as 
large as 1:250,000 - a standard medium scale accepted throughout the world. 
Much useful information for  many disciplines can be derived from these 
products and be referenced t o  the figure of the earth. 
Present Performance - Instantaneous f i e ld  of view (IFOV) of MSS is  a 79-m 
square and the recorded net pixel i s  79 by 59 m. The Return Beam Vidicon 
(RBV) l ine  width is equivalent t o  45 m and theoretically should produce 
the higher resolution, although empirical tests to  date have not borne 
th i s  out; the RBV i s  rated equivalent t o  the MSS with an effective pixel 
size of about 80 m. 
Changes - To obtain the image quality required fo r  more useful cartographic 
products, one relat ively broad band of imagery (0.5 - 0.7 um) should have 
an effective pixel size of about half the s ide dimension of tha t  of the 
present sensors. 
Suggested Solution - Increase (perhaps double) the focal length of the RBV(s) ,  
l i m i t  its response t o  one spectral  band, and maintain the same width of 
coverage as the MSS. 
before image motion compensation (IMC), which is a complex modification, 
would be needed. 
degradation along track should not exceed 50% of the cross track resolution. 
The existing 79 m IFOV would be suitable fo r  the MSS bands. 
. 
Considerable spat ia l  frequency increase can be obtained 
Current criteria for  acceptable image motion is  that the 
Spectral Frequency 
Requirement - Record a minimum of two bands i n  the vis ible  and two in  the 
near I R .  
Rationale - These spectral  bands are needed t o  differentiate fixed and 
temporal phenomena, such as cultural  features, open water, areas of 
vegetation cover, snow and ice, topographic features, local atmospheric 
anomalies, and the various meaningful variations and combinations of these 
phenomena insofar as unique recordable spectral  responses ex is t .  
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Present Performance - Two v i s i b l e  and two near I R  bands a re  now recorded 
by the MSS. The three  RBV bands provide redundancy t o  the four  MSS bands. 
Changes - None - except reduction of RBV bands from 3 t o  1. 
Temporal Frequency 
Requirement - Near global coverage every 18 days. 
Rationale - The frequency of r e p e t i t i v e  coverage of ERTS-1, which promises 
t o  produce complete cloud-free coverage of the  U.S. on an annual bas i s  and 
coverage of s e l e c t i v e  representat ive areas on a seasonal o r  even monthly 
bas is ,  is considered adequate except f o r  monitoring short- l ived phenomena. 
Increasing the  number of satellites would increase frequency, but the  cost  
of da t a  acqu i s i t i on  and handling would probably negate t h i s  advantage. If 
short- l ived phenomena a r e  i n  f a c t  t o  be monitored from space, a geosynchronous 
system capable of s e l e c t i v e  area coverage is  believed t o  be t h e  most feas ib le  
solut ion.  
Present Performance - 18-day global coverage except f o r  l a t i t u d e  higher than 
82". 
Changes - None 
Reception and Processing Time 
Requirements - The conversion o f  s e l ec t ed  sensor response i n t o  cartographic 
products i n  a matter of days - maximum of one week. 
Rationale - Although ERTS is not considered s u i t a b l e  f o r  the  monitoring of 
short- l ived phenomena, it does record cer ta in  items t h a t  should be rapidly 
disseminated i n  cartographic form. 
water boundaries which includes surface water d i s t r i b u t i o n ,  f lood conditions 
and the water-ice in t e r f ace  i n  po la r  regions.  
i n f r a r e d  r e f l e c t i v e  vegetation is  another. 
Present Performance - Except f o r  coverage of the  eas t e rn  U.S. data  tapes 
must be flown t o  Goddard f o r  processing. 
r e l a t i n g  imagery t o  ground control  and preparing products f o r  d i s t r i b u t i o n  
now involves manual procedures which may take a month o r  so t o  accomplish. 
However, a s i n g l e  gridded ERTS product at  1:1,000,000 scale (Lake Tahoe) 
was brought t o  the reproduction s tage i n  a matter of 15 days after 
acquis i t ion.  
Changes - Provide d i r e c t  r e a l  time reception t o  the processing centers  
i n so fa r  as possible.  For the U.S. a reception s t a t i o n  i n  South Dakota and 
another i n  Alaska is suggested. 
produce se l ec t ed  imagery i n  cartographic form b r e c i s e l y  referenced t o  t h e  
Examples involve the del ineat ion of 
The seasonal del ineat ion of 
Precision processing o r  otherwise 
Processing centers  should be equipped t o  
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figure of the Earth) within a matter of 2 or 3 days after reception. 
use of d ig i ta l  or optical  density s l ic ing cer ta in  of these signatures 
should be reduced to  thematic binary form and thus simplify the processing. 
By 
Geometric Properties of Imagery 
Requirements - Independent spa t ia l  positioning of imagery compatible with 
requirements for  1:1,000,000 scale and, with the benefit of ground control, 
for 1:250,000 scale a t  National Map Accuracy Standards (NMAS). 
Rationale - An operational remote sensing system m u s t  not only record 
identifiable data but also have a means of spa t ia l  reference. 
system of reference is one tha t  relates t o  the figure of the earth as 
described i n  spherical coordinates (lat/long) or  plane coordinates (X Y) . 
For remote areas, 1:1,000,000 scale is adequate fo r  delineation and changes 
of gross features, but 1:250,000 scale i s  needed t o  portray changes t o  
developed areas and indicate where more precise mapping is  required. 
1:250,000-scale map tha t  j u s t  meets NMAS contains root mean square (rms)  
errors of about 80 m. 
same approximate size, which is a logical relationship. 
Present Performance - Positioning of ERTS data with control only by orbi ta l  
and sensor parameters (independent mapping) now involves errors i n  the order 
of 2,000 m ( r m s ) .  With 
the aid of ground control, a system-corrected (bulk) image when f i t t e d  to  
a conventional map projection involves errors of 200-450 m, which is 
marginal for  1:1,000,000-scale mapping. 
image reduces these errors t o  the 50 t o  100 m range, which is compatible 
with 1:250,000-scale mapping. 
projection of the MSS image which is semiperspective and lacks the conformality 
of geodetic projections. Scene-corrected (precision processed) MSS imagery 
has errors i n  the 100- t o  200-m range but because of degraded image quality 
is considered suitable fo r  reproduction a t  no larger than 1:500,000 or  
possibly 1:1,000,000 scale. On a portion (1/16) of an MSS bulk image on 
which at least two control points can be identified,  points which are par t  
of a defined pattern (shore l ine,  f i e ld  l ines,  highways, etc.) can be 
located to  within 20 t o  30 m ( l ike a l l  other accuracy figures s ta ted herein 
these are rms figures).  
Changes - Increase the independent positioning capability from 1:6,000,000 
(2,000 m) t o  1:1,000,000 scale (300 m) if possible. Define the imaging 
system so tha t  e i ther  bulk o r  precision images can be produced with less 
than 80 m e r ror  in  areas where suitable control exists. 
t o  re ta in  the spa t ia l  frequency (quality) of the original data. 
Suggested Solution - Slightly improve positional and a t t i tude  determination 
devices. Modify the system corrected (bulk) printing of MSS t o  a conformal 
(Space Oblique Mercator)* projection. 
*A description of t h i s  projection i s  contained i n  a memorandum (EC-18-ERTS) 
which i s  attached and made a par t  of th i s  paper. 
An accepted 
A 
Thus accuracy and MSS pixel s ize  would be of the 
This i s  compatible with maps of 1:6,000,000 scale. 
Fi t t ing a geodetic gr id  to  an MSS 
However th i s  involves the use of the existing 
A l l  such imagery 
For those who may not accept the 
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Space Oblique Mercator projection provisions fo r  precision processing 
without loss of image quality and on a conventional projection such as 
the UTM should be provided, 
w i l l  be re la t ively small since the Space Oblique Mercator projection 
accommodates the conventional geodetic grids without measurable dis tor t ion 
and the precise relationship between the projections can be mathematically 
defined. 
a polar stereographic projection. 
spat ia l  frequency and an engineered reseau of approximately 30 points, 
most of which are near the image border. 
I t  is believed tha t  demands for  t h i s  product 
In polar regions such precision processing would normally be on 
Incorporate one RBV band with maximum 
Image Repeatability 
Requirement - Hold successive images of the same scene t o  a m a x i m u m  of 
- +13 km from the nominal scepe center. 
Rationale - An ERTS satell i te system has the potential  of repeating image 
positions t o  the indicated requirements. 
provide a worldwide system of formats based on the nominal scene with very 
high assurance that  the formats w i l l  be completely covered by subsequent 
corresponding scenes. 
time and ef for t  now required for  conventional formats, which normally 
involves mosaicking images from several orbi ta l  passes. 
format would permit publication and distribution of ERTS imagery i n  a timely 
and relat ively inexpensive form. 
Present ERTS Performance - The ERTS orbi t  i s  permitted to  d r i f t  (cross-track 
direct'ion) about +15 km before corrections are made. Attitude variations 
produce up t o  +ll-km offsets.  Thus the cross track maximum variation may 
be +26 km wherzas the minimum side lap a t  the equator is  only 26 km or 
- +13-km. Along-track image boundaries are generally within 5 km. 
Changes * -  Hold orbi ta l  d r i f t ,  a t t i tude  variation, and along-track image 
boundaries of the MSS so  that  the resultant scene has a maximum cross track 
deviation of 213 km, and no more than 25 km deviation i n  the along-track 
direction t o  a prescribed scene center point. 
Suggested Solution - Improve orbi ta l  and at t i tude correction parameters and 
maintain standards for  defining along-track image boundaries of the MSS . 
If accomplished, t h i s  would 
Such maps could be published i n  perhaps 1/10 the 
Use of the image 
Sensor Alignment 
Requirement - Obtain a square MSS image format a t  the midlatitudes. 
Rationale - Scanners and frame images should cover the same area. 
format is  the more e f f ic ien t  t o  process and also is more esthet ical ly  
pleasing. 
A square 
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Present Performance - MSS has a 3' nominal image skew a t  the midlatitudes-- 
4" at the equator and 0' at max imum inc l ina t ion  ( 8 1 O ) .  
Changes - Define a nominally square image f o r  the  MSS a t  the  midlat i tudes.  
Suggested Solution - Turn the spacecraf t  or  sensors 3' t o  the r i g h t  o f  the 
spacecraf t  ve loc i ty  vector.  mis w i l l  c rea te  1' skew at  the equator, near 
0' a t  the midlati tudes on the descending node, and 3' a t  t h e  maximum 
inc l ina t ion  (82') where it is o f  l essor  concern. 
Summary 
The attached table summarizes the cartographic requirements for an 
operational ERTS type satellite. 
CARTOGRAPHIC REQUIREMENTS FOR AN OPERATIONAL ERTS TYPE SATELLITE 
Near global  
coverage every 18 r b i t  unsui ted 
seve ra l  months 
matter o f  days 
.6,000,000 NMAS With 
d i r e c t i o n  with of conventional quad- 
r e spec t  t o  t h e  rangle  formats.  
nominal scene 
c e n t e r  
Changes and 
Suggested So lu t ion  
Increase foca l  
length of RBV and 
reduce t o  one band 
Reduce RBV t o  1 
broader band 
No change 
Cen t ra l i ze  r ecep t ion  
and processing , 
provide f o r  s e l e c t i v e  
d a t a  processing i n  
automated ca r to -  
graphic  form 
Improve p o s i t i o n a l  
and a t t i t u d e  determi- 
nat ion t o  2300 m 
(rms) Convert bulk 
image t o  conformal 
p ro jec t ion .  
A l l  processing t o  
retaiii o r i g i n a l  image 
q u a l i t y .  Use one RBV 
band of  ihcreased 
s p a t i a l  frequency and 
engineered r e seau  
Rold cross  t r a c k  
imagery v a r i a t i o n s  t o  
213 km, maintain along 
t r ack  image cen te r s  t o  
+5. Keep same nominal 
scenes as f o r  ERTS-1 - 
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Requirements 
Sensor Alignment 
Nominal square 
format fo r  MSS 
ka t iona le  
Same coverage as 
RBV is needed. 
Square format is 
more e f f i c i e n t  and 
e s t h e t i c  
Present  Performance 
MSS has 3' nominal 
skew at midla t i tudes  
Changes and 
Suggested Solu t ion  
Skew spacecraf t  or 
sensors  3" t o  t h e  
r i g h t  o f  t he  space- 
c r a f t  v e l o c i t y  
v e c t o r  
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United States Department of the Interior 
GEOLOGICAL SURVEY 
~ ~ ~ ~ ~ ~ X X ~ ~  
1340 Old Chain Bridge Road 
McLean, Vi rg in ia  22101 
August 1, 1973 
Memorandum f o r  t he  Record (EC-18-ERTS) 
By : Cartography Coordinator, EROS Program 
Subject: Map Project ion of  the  Bulk (System Corrected) ERTS MSS Image 
Defining the  Project ion 
Recently the  USGS successfu l ly  f i t t e d  the  Universal Transverse Mercator 
(UTM) g r i d  t o  se lec ted  ERTS Mult ispectral  Scanner (MSS) bulk images and 
mosaics o f  images a t  1:250,000 sca le .  Maps so  produced are i n  f ac t  ca s t  
on the  pro jec t ion  of the  MSS image, which t o  da te  has not been f u l l y  de- 
f ined as  a s p e c i f i c  map pro jec t ion .  The conventional mapping approach 
i s  t o  use a pro jec t ion  o f  t he  e a r t h ' s  f i gu re ,  such as  the  UTM, and e i -  
t h e r  transform the  image t o  t h i s  pro jec t ion  (precis ion processing) o r  
force the  bulk image t o  the  b e s t  analog f i t  on the  pro jec t ion .  Because 
ERTS provides near  orthographic imagery, the  g r i d  of a conventional 
pro jec t ion ,  such as  the  UTM, can with only minor d i s to r t ions  be f i t t e d  
t o  the MSS bulk imagery, except i n  i s o l a t e d  areas of extreme relief.  
The g r id  d i s to r t ions  are r e a l  and can be  measured with prec is ion  i n -  
struments but they are less than 1 p a r t  i n  1,000--which i s  the  criter- 
ion,  more o r  l e s s ,  f o r  maps of sca l ing  accuracy. Moreover the  f i t  ap- 
pears  consis tent ,  which ind ica tes  t h a t  t h e  bulk image o f  ERTS is  it- 
self a map pro jec t ion  of the  e a r t h ' s  surface.  
NASA/ERTS Users Data Handbook (1)" describes t h e  o r b i t ,  MSS scanner, 
and geometric correct ions made t o  the  imagery; and Konecny (2) ,  Kratky 
(3),  For res t  (4),  and the  undersigned (5) have described the  bas ic  geo- 
metric and mathematical re la t ionships  of  t h e  ERTS image t o  the  ea r th  
sphere and the  UTM project ion.  
bulk imagery would be p r in t ed  out  i n  the  UTM pro jec t ion ,  whereas Kratky 
defined the  corrected MSS image (bulk) as represent ing the  equid is tan t  
cy l ind r i ca l  o r  Cassini  project ion.  
Konecny fu r the r  indicated t h a t  ERTS 
However an ana lys i s  of t h e  geo- 
*According t o  t h i s  reference,  one of t he  correct ions i s  a scale change 
i n  the  along-track d i r ec t ion  t o  approximate t h e  perspect ive view of t h e  
RBV frame image. In p rac t i ce  t h i s  so-cal led correction--whi&is actu- 
a l l y  undesirable except f o r  co r re l a t ion  t o  the  RBV--has not  been gen- 
e r a l l y  appl ied by NASA. 
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metric correct ions made by NASA (1) ind ica tes  t h a t  ne i the r  t he  UTM 
nor t h e  Cassini  is  the  ac tua l  case. NASA has i n  fact re ta ined  the  
geometric conditions of  perspect ive,  which transform the  individual  
panoramic sweep of the  scanner ( s ix  l i nes )  i n t o  a narrow hor izonta l  
s t r i p  on the  plane normal t o  the  v e r t i c a l  and at  an equivalent foca l  
distance* above the  op t i ca l  cen ter  of t he  primary mirror  of  t he  scan- 
ner.  Attached a re  diagrams and notes which cover the  bas i c  geometry 
and mathematics of  t h e  MSS scanner. 
properly composited and normalized t o  a scale of 1.00000 form a cy l in-  
d r i c a l  surface around the  ea r th  normal t o  the  o r b i t a l  plane and tangent 
t o  the  f igure  of the  ear th .  
The r e su l t i ng  t h i n  s t r i p s  when 
This cyl inder  o r  r i ng  i s  f ixed  i n  space with respect  t o  t h e  po la r  ax i s ,  
and forms a simple cy l ind r i ca l  surface of  pro jec t ion .  
centers of t he  s t r i p s  t h a t  comprise t h i s  pro jec t ion  form a circle which 
is the  l o c i  o f  po in ts  occupied by the op t i ca l  cen ter  o f  t h e  scanner. 
Since a cyl inder  can be converted t o  a plane without d i s to r t ion ,  we 
have the  e s s e n t i a l  elements o f  a map pro jec t ion .  A t  any given i n s t a n t  
of  time the  MSS scanner i s  pointed t o  a d i s c r e t e  (79 m) element of t he  
ear th ,  and t h i s  element is i n  turn  recorded as  a d i s c r e t e  p i c tu re  ele- 
ment on the  described pro jec t ion .  
and f ixed  with respect  t o  the  surface o f  t he  ea r th ,  but i n  t h i s  case 
the  pro jec t ion  i s  independent, and an equation involving four  motions 
as functions of time must be introduced t o  r e l a t e  t h e  projected image 
t o  the  ea r th ' s  surface.  The four  motions, a l l  of which have a defined 
time re l a t ionsh ip ,  a re  involved i n  the  image formation as follows: 
The perspect ive 
Map pro jec t ions  a re  normally defined 
0 The mirror sweep i n  the  nominally cross- t rack d i rec t ion  
The s a t e l l i t e  o r b i t  i n  the  along-track d i r ec t ion  
0 The ro t a t ion  o f  t he  ea r th ,  which provides the  continuous s h i f t -  
ing of  the ea r th  scene with respect  t o  the  o rb i t  (and projec-  
t ion)  . 
0 The precession of t h e  o r b i t .  
These four  motions r e s u l t  i n  t h e  (poten t ia l ly)  complete mapping o f  the  
ea r th  from 82' N t o  82' S every 18 days on the  same defined pro jec t ion  
and i n  a sun synchronous mode. 
For want of  a b e t t e r  term, t h i s  pro jec t ion  i s  dubbed Space Cylindrical  
S t r i p  Perspective: 
Cyl indrical  because o f  its shape, and S t r i p  Perspective because it re- 
t a i n s  the  geometric proper t ies  of  perspect ive i n  the  s t r i p  r e s u l t i n g  
from the  scanner sweep. 
Space because it is defined and f ixed  i n  space, 
Such a pro jec t ion  could undoubtedly be applied 
*This dis tance i s  i r r e l evan t  bu t  i s  introduced t o  equate the  MSS t o  an 
op t i ca l  imager. 
ever the  diameter and F number of  t he  scanning mirror provide a foca l  
length o f  about 0.76 m. 
For convenience a sca l e  of 1.00000 is suggested. How- 
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t o  o the r  c i r c u l a r  o r b i t  systems which u t i l i z e  a point  o r  s l i t  type 
imager (scanner, panoramic o r  s t r i p  camera). Insofar  as is known, 
NASA o r  NOAA have not used t h i s  approach f o r  meteorological s a t e l l i t e  
imagery, which they normally transform t o  one o f  the  conventional 
project ions,  such as Mil ler  cy l indr ica l ,  azimuthal equid is tan t ,  o r  
point  perspective ( fo r  ATS) . 
Charac te r i s t i c s  of the Present MSS Projection 
The bas i c  c h a r a c t e r i s t i c s  of the MSS project ion are summarized as 
follows (see attached notes) : 
a Scale at nad i r  can be any desired s c a l e ,  but we w i l l  normalize 
it with a sca le  fac tor  of 1.00000. 
Cross t rack sca le  f a c t o r  a t  image edge (end of scan l i nes )  
i s  0.99916. 
0 
0 Along t r ack  sca le  f a c t o r  a t  image edge is  1.00011. 
This r e s u l t s  i n  a nonconformal project ion i n  which an a f f ine  condition 
e x i s t s  except along the  nadir  path.  Thus the sca le  i s  d i f f e r e n t  i n  
d i f f e r e n t  d i rec t ions ,  and angular r e l a t ionsh ips  w i l l  not t r u l y  hold 
as  they do on a conformal project ion.  Nevertheless it i s  a t r u e  map 
project ion in so fa r  as NASA can correct  f o r  the  various anomolies in-  
volved (1) and a system o f  plane Cartesian coordinates can be applied 
t o  the project ion.  
surface only when the four described motions a r e  introduced as a func- 
t i o n  of time. This r e l a t e s  a s p e c i f i c  element of the  e a r t h ' s  surface 
t o  a s p e c i f i c  element of the project ion.  Developing t h i s  transforma- 
t i o n  presents an i n t e r e s t i n g  mathematical exercise  which i s  by no means 
t r i v i a l  i f  such refinements as the e l l i p t i c i t y  of the e a r t h ' s  f igures  
a re  considered. However i f  the  project ion i s  t o  be used as  such, the  
rigorous transformations must be developed. Konecny (2) and Kratky (3) 
have indicated the general form of  the  mathematical re la t ionships  in -  
volved. 
of about 9' t o  the polar  ax is ,  the ear th  o r  the cylinder must move back 
and f o r t h  along the cy l ind r i ca l  axis.  This r e l a t i v e  l i n e a r  motion pro- 
vides €or the continuous imaging of the r o t a t i n g  ear th  on the  cylinder 
without d i scont inui t ies .  
These coordinates become r e l a t e d  t o  the e a r t h ' s  
Although the  cylinder is f ixed i n  space a t  a prescribed angle 
If we start  with an o r i g i n  a t  the po in t  of maximum inc l ina t ion  (N 81') 
the (x) along-track coordinate value w i l l  increase inde f in i t e ly .*  The 
mapping equations of the ear th  surface m u s t  account f o r  the various 
o r b i t s ,  which a f t e r  18 days (251 o r b i t s )  would mathematically repeat 
themselves providing t h a t  the prescribed correct ions a re  a l l  properly 
made. 
motion of the e a r t h  i n  the cylinder of project ion.  
The y o r  cross t rack coordinate value must accommodate the  l i n e a r  
This motion r e s u l t s  
*By t r e a t i n g  t h e  project ion plane as a cylinder (which is  mathematically 
acceptable) the x values repeat themselves each o r b i t .  
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i n  the orb i ta l  path (and the image s t r ip )  being record on the projec- 
t ion as a sinusoidal l ine (strip) which osci l la tes  back and for th  i n  
the y direction as follows: 
(N 81°) 
orb i ta l  path 
equator (descending node) 
l i m i t s  of image 
(S81') 
equator (ascending node) 
(N 81°) 
X 
Map projection of MSS 
Although the imagery is recorded on a single projection, there are  
always discontinuities between imagery of adjacent orb i ta l  passes 
when it is  l a id  on the same plane (map). 
must change i n  the cross-track direction, and the orb i ta l  passes are 
convergent. Thus the cross-track distance from the nadir (center 
l ine) is  constantly changing. The discontinuities are very small when 
the imagery is correctly processed, but they are rea l  and are  equiv- 
alent t o  the gores one sees i n  the zone boundaries of such transverse 
Mercator projections as the UTM. 
This is because the scale 
Pract i ca 1 App 1 i cat i on 
The MSS projection (Space Cylindrical Str ip  Perspective) is i n  fac t  
being used today f o r  experimental mapping by the USGS and any others 
who map directly with MSS bulk imagery. In order t o  produce maps tha t  
are readily understandable, we are imposing a conventional plane coor- 
dinate grid t o  th i s  heretofore uncanventional projection. The grid 
selected is  the UTM, and the result ing distortions of the UTM grid on 
th i s  projection are so small (generally less than 1:1,000) tha t  the 
average map user cannot detect the discrepancies. By relating image 
points t o  the local grid l ines there is no measurable e r ror  due t o  the 
projection, and it is  only when s table  base manuscripts are measured 
on a precise measuring machine, such as a coordinatograph, tha t  the 
discrepancies i n  scale and direction can be detected. 
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Re commended Changes 
NASA's p r in t ing  of  t he  MSS bulk imagery is modulated by a computer 
(EBRIC) .* 
change i n  the  p r i n t i n g  procedure. 
e n t l y  used semiperspective a f f i n e  pro jec t ion ,  it is  recommended t h a t  
t he  pro jec t ion  i f  poss ib le  be made conformal. A cy l ind r i ca l  surface 
i s  s t i l l  involved, and the  only defined conformal cy l ind r i ca l  pro- 
j ec t ion  i s  the  Mercator which may be normal, transverse, o r  oblique 
t o  the  ea r th ' s  po la r  ax is .  This i s  the  oblique case with t h e  plane 
of  t he  o r b i t  t h a t  defines the  cyl inder  a t  9.092' t o  t h e  po la r  ax is .  
The equations r e l a t i n g  t h e  oblique Mercator t o  the  f igu re  of  t he  e a r t h  
have been developed i n  d e t a i l  f o r  t he  various e l l i p s o i d s  as well as 
the  sphere, ( 6 )  but  a l l  are based on the  s t a t i c  case. Here, as with 
t h e  present  MSS pro jec t ion ,  w e  must devebp t h e  transformations as  a 
funct ion of time. A s u i t a b l e  name f o r  t h i s  recommended pro jec t ion  i s  
Thus the re  is no grea t  problem i n  introducing a mathematical 
Rather than p r i n t  out on the  pres-  
Space Oblique Mercator. 
t r u l y  conformal s ince  the  two axes on which the  eaual-scale  condition 
A s  defined here in ,  t h i s  project ion-  is not  
o f  cbnformality are es tab l i shed  vary up t o  4' f r o i  orthogonality.  
a t r u l y  c i r c u l a r  f ea tu re  on the  f igure  of  the  ea r th  w i l l  have a very 
s l i g h t l y  e l l i p t i c a l  form t o  it on the  pro jec t ion ,  depending on i ts  
pos i t ion  on the  o r b i t .  
as Tissot  's i n d i c a t r i x  and graphical ly  i l l u s t r a t e s  t he  mathematical 
condition of  nonconformality. Since t h e  geometric conditions which 
c rea te  t h i s  s l i g h t  deviat ion from conformality can be expressed mathe- 
mat ical ly ,  the  re la t ionships  between t h e  f igure  of t he  ea r th  and the  
pro jec t ion  are s t i l l  r igorous.  
t he  deviat ion from conformality w i l l  no t  be measurable and f o r  analog 
appl icat ions can be disregarded. 
would object  t o  having h i s  name appl ied t o  a pro jec t ion  which is not  
t r u l y  conformal, bu t  since conformality is  the  primary consideration 
appl ied,  it is  believed t h a t  t h i s  pro jec t ion  should be associated with 
Mercator . 
Thus 
This e l l i p t i c a l  d i s t o r t i o n  of  a c i r c l e  i s  known 
Insofar  as t he  ac tua l  image i s  concerned, 
P e r E s  Gerhard Kremer (Mercator) 
The pro jec t ion  cyl inder  can be defined as e i t h e r  tangent o r  secant t o  
the  (sea leve l )  f igure  of  t he  ear th .  U.S. sponsored pro jec t ions  such 
a s  the  UTM and those of  the S t a t e  plane coordinate systems are secant ,  
whereas most Europeans use tangent pro jec t ions ,  the most common being 
t h e  Gauss-Kruger which i s  t ransverse Mercator. The pro jec t ion  o f  t he  
Space Oblique Mercator c rea tes  scale d i s to r t ions  of  only s l i g h t l y  over 
1:10,000 and it i s  recommended t h a t  t he  European p rac t i ce  of  tangency 
be followed. 
except along the  o r b i t a l  t r ack ,  i s  too large with respect  t o  t h e  f igure  
of the  ear th .  However the land masses of  t he  ear th  (where t h e  MSS i s  
p r inc ipa l ly  employed) have mean elevat ions of 340 m o r  more ( the mean 
e leva t ion  of North America is  reported as  720 m). 
340 m, which is found i n  Europe and Aus t ra l ia ,  would compensate f o r  t he  
pro jec t ion  scale f a c t o r  so t h a t  i n so fa r  as pro jec t ion  dis tances  are 
concerned, as  compared t o  ac tua l  ground dis tances ,  t he re  is no v a l i d  
On a tangent cyl inder ,  t he  scale f a c t o r  of t h e  pro jec t ion ,  
A mean e leva t ion  of  
*Electron Beam Recorder Image Corrections.  
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argument f o r  making the  pro jec t ion  secant.  
MSS pro jec t ion  t o  the  UTM, it makes no real difference s i  
f ac to r  o f  the  UTM var ies  from 0.9996 (at the  central me 
zones) t o  1.0010 at  the  zone edges along t h e  equator. 
recommended t h a t  the  MSS pro jec t ion  sca l e  f ac to r  be  1.0000 along t h e  
o r b i t a l  path and 1.000Ualong the  image edge. 
Although they  are probably not  f eas ib l e  t o  implement on ERTS-1, cer- 
t a i n  o the r  a l t e rna t ives  should be considered r e l a t i v e  t o  the  pro jec t ion  
o f  t he  MSS f o r  fu ture  ERTS-type s a t e l l i t e s .  For instance,  t he  EBRIC 
could include an along-track scale change based on the  UTM zones. This 
would modulate t h e  scale f a c t o r  from a maximtan of 1.001 t o  0.9996. 
Such modulation would be an i r r e g u l a r  approximation and requi re  updating 
from ephemeris data.  Moreover, scale modulating t h e  imagery would be 
a disadvantage t o  anyone not using the  UTM o r  t he  Soviet  Unified Ref- 
erence System, which i s  general ly  compatible with the  UTM. 
simulated modulation would not  be implemented i n  the  po la r  regions 
where another modulation might be introduced t o  approximate the  sca l e  
f ac to r s  of t h e  two polar  s tereographic  pro jec t ions  as now defined f o r  
t h e  prec is ion  processing of ERTS imagery i n  the  polar  regions.  
the  prec ise  UTM (and po la r  stereographic) pro jec t ions  could be used, 
but  t h i s  involves d i scon t inu i t i e s  (breaks i n  the  imagery) a t  the  zone 
boundaries, t h e  appl icat ion o f  complex mapping equations,  and cali- 
bra t ion  against  ground cont ro l  t o  f u l l y  implement. 
system can be developed f o r  near-real-t ime appl ica t ion  i n  the  fu ture ,  
but  f o r  the present ,  it is  bel ieved t h a t  NASA should concentrate on 
the  r e l a t i v e l y  simple space Oblique Mercator f o r  bulk processing. 
sofar' as poss ib le ,  NASA should experiment with the  a l t e r n a t e  proposed 
project ions (and perhaps others)  t o  assist i n  the  formulation of  de- 
f i n i t i v e  plans f o r  the  processing of  imagery from an operat ional  ERTS- 
type satel l i te .  
Insofar  as f i t t i n g  t h e  
-
Such UTM 
Actually 
Perhaps such a 
In- 
Signif icance 
Defining the  pro jec t ion  of  t he  MSS i n  mathematical terms i s  e s sen t i a l  
t o  a l l  who would r e l a t e  the  ERTS pixe l* to  the  f igu re  of  t h e  ear th .  
form of t h i s  pro jec t ion  is  immaterial t o  those who deal  s t r i c t l y  i n  
ana ly t ics  (computations) as long as  it is  r igorously defined. For 
those who use t h e  MSS image f o r  mapping i n  anolog mode, t h e  image pro- 
j ec t ion  should conform as  c lose  as  poss ib le  t o  the  mapping pro jec t ion  
used f o r  f i n a l  display.  ERTS imagery, except f o r  t h a t  o f  po la r  regions,  
is customarily displayed on the  UTM projec t ion .  The adoption of t h e  
Space Oblique Mercator by NASA would provide a continuous s ing le  pro- 
j ec t ion  which develops project ion scale d i s to r t ions  of  only about 1 
part i n  10,000 and which has geometric proper t ies  somewhat comparable 
t o  the  UTM. 
ac tua l  UTM projec t ion  is a d i s t i n c t  p o s s i b i l i t y .  
From a p r a c t i c a l  s tandpoint ,  any attempts t o  f u l l y  automate an MSS 
mapping system w i l l  be l imited by the  prec is ion  of ephemeris and at- 
The 
Eventually, the  automated cas t ing  of  t h e  image on the  
*pic ture  element 
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t i tude  data, which t o  date resu l t s  i n  errors i n  the order of 2 km (rms). 
However the user can normally find a t  least  one control point against 
which he can calibrate an MSS image or  even several contiguous MSS 
images of the same orb i ta l  pass. With such calibration data and the 
mapping equations developed i n  rigorous form, he can then compute and 
superimpose on h i s  image the figure of the earth i n  the form of la t /  
long or  plane (UTM) coordinates. There are today indications tha t  with 
control of perhaps 100 t o  200 km spacing a printed map can be prepared 
tha t  meets National Map Accuracy Standards a t  1:250,000 scale (80 m rms). 
On the present MSS psojection the resulting maximum distortion of the 
UTM grid is i n  the order of 0.25 mm (0.01 in.) on a 1:250,000-scale 
map, but on the recommended Space Oblique Mercator projection t h i s  
distortion would be consPderably less. 
by NASA, i s  creating a continuous image of the earth on one single 
projection. Moreover it is doing it  with a precision which opens the 
door t o  semiautomated image mapping today and perhaps fu l ly  automated 
image mapping within a decade. 
t o  d ig i t a l  as well as analog relationships. 
The MSS, as system-corrected 
In t h i s  context the word mapping refers 
I t  is important t o  note a basic advantage of the scanner as compared 
t o  the frame imager (camera). 
projection with each exposure. A t  a i r c ra f t  a l t i tudes,  the effect of 
earth curvature is minimal, but from space it is significant. 
map is t o  be made by analytical procedures, there is no problem; but 
i f  the image is  t o  be used i n  analog form as a map base, the problem 
is r ea l  because the discontinuities between images become measurable. 
With a scanner such as MSS the image produced i s  more or  less continuous 
and (insofar as corrections are made) always on the same projection. 
For the first time the en t i re  earth (between N 82' and S 82O) is  being 
mapped on a single map projection on which the projection scale dis-  
tor t ion is always less than 1:1,000 and, i f  macle conformal, about 
1.10,OOO. 
cannot be f i t t e d  together without some discontinuity, but the imagery 
i tself  has the same geometric characteristics which continue without 
disruption along the orbi ta l  path. 
The net effect of t h i s  new concept of mapping cannot be forecast a t  
t h i s  time. I ts  basic importance to  the mapmaker is  obvious, but it 
is  probably of equal or  greater importance t o  those who use the dig- 
i t a l  approach t o  s tore  and analyze data re la t ive  t o  the ear th 's  surface. 
In theory, if not i n  actual practice, the mathematical relationship 
between the ERTS pixel and i ts  location of the earth can, through the 
projection, be rigorously defined. 
A frame imager creates i t s  own discrete 
If a 
I t  i s  t rue tha t  the imagery from tw adjacent orb i ta l  passes 
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Notes on ERTS MSS Project ion o f  Bulk Image$ 
(see at tached diagrams) 
H = a l t i t u d e  o f  s a t e l l i t e  = 900-950 km 
R = mean radius  of e a r t h  = 6,367 km 
B = viewing angle of  scanner with respect  t o  nadir  (max = 5.76') 
The plane of t he  scanner motion is now defined as perpendicular t o  
the  plane o f  the  o r b i t  
y = angle of  ea r th  curvature involved (max = 0.83') 
f = e f fec t ive  foca l  length of  scanner. Based on mirror size and F 
number t h i s  is 730 mm, however, t h i s  dimension is  immaterial with 
respect  t o  the  project ion.  
N = nadi r  po in t  
P = point  on ea r th  imaged by MSS sensor  
Present MSS pro jec t ion  (space cy l ind r i ca l  s t r i p  perspect ive)  
C = l i n e  on which scanned image is  recorded. Panoramic effect of  scanner 
has been corrected t o  provide a t r u e  t o  sca l e  image of  a flat ea r th  
as depicted by tangent plane T. When scanner and s a t e l l i t e  motions 
a re  introduced the  l i n e  C generates a cyl inder  a t  height  H + f above 
t h e  spher ica l  ea r th .  
Assume sca le  f a c t o r  a t  nadi r  = 1.00000 (tangent cyl inder)  
Hcos 
Perspective cross- t rack sca l e  a t  P = M = 
( d i s t  . effect) (primary ob l iqu i ty  e f f e c t )  
A t  max scanning angle M = 0.99916 
This cross-track sca l e  var ies  from 1.00000 a t  nadi r  t o  0.99916 at  
image edge. 
In  the  along t rack  d i r ec t ion  the  nadir  po in t  N and image point  P a t  a 
f ixed  scanning angle (8) must descr ibe l i n e s  on cyl inder  C (image) of  
equal length i n  order  t o  provide t h e  continuous image of t h e  MSS. 
condition requires  t h a t  the  along t rack  scale a t  P must be l a rge r  than 
a t  N by an amount equal t o  the  secant  of y. 
along t rack  scale equals t he  secant  of  0.83O o r  1.00011. 
Project ion is  cy l ind r i ca l  and perspect ive i n  cross  t rack  d i r ec t ion  only. 
One s ing le  pro jec t ion  (zone) maps the  e n t i r e  ea r th  between the  82' 
p a r a l l e l s  every 18 days. 
* A l l  f igures  given are approximations. 
able  exact f igures  which might be required f o r  rigorous computations. 
This 
A t  maximum scan angle t h i s  
NASA i s  expected t o  make ava i l -  
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Geometry of ERTS, MSS (o rb i t a l  plane is perpendicular t o  t h i s  plan) .  
C 
/ 
(opt ical  center  
/ 
I of scanner) 
ir 
Projection Plane (T) 
A 
Skewed image on 
p ro jec t ion  plane 
x = $COST 
Let X = d i s t .  along suborbi ta l  path on ear th  f igure  ( s ta t ionary  sphere)* 
Y = d i s t .  normal t o  suborbi ta l  path on e a r t h  f igure  Y = YR* 
x = d i s t .  on project ion plane (cylinder) i n  o r b i t a l  plane 
y = d i s t .  on project ion plane from o r b i t a l  plane 
9. = actual  o r b i t a l  path as imaged T skew angle (varies with l a t i t u d e )  
On present MSS projection: 
x = x  
Y R siny (H+R(l-cosY) 
On recommended project ion ($pace Oblique Mercator) 
x = x  
y = R l  secY dY = R loge(secY + tanY) = R l o h t a n  (-+ - ; I) 
*If one disregards the small e r r o r  introduced by e a r t h  r o t a t i o n  during the  
scan sweep (The maximum displacement i n  the x d i rec t ion  is only about 200 m 
f o r  the 185 km scan length) ,  the  y d i r ec t ion  on the actual  image is tha t  of 
the scan l i nes  (as now configured). However the x d i r ec t ion  of the  pro- 
j ec t ion  w i l l  be skewed on the image by as much as 4" with respect t o  the 
image o r b i t a l  path,  again due t o  ear th  ro ta t ion .  
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